Protein dimerization is essential for cellular processes including regulation and biosignalling. While protein-protein interactions can occur through many modes, this review will focus on those interactions mediated through the binding of metal ions to the proteins. Selected techniques used to study protein-protein interactions, including size exclusion chromatography, mass spectrometry, affinity chromatography, and frontal zone chromatography, are described as applied to the characterization of the Enterococcus hirae protein CopY. CopY forms a homodimer to control the expression of proteins involved in the homeostasis of cellular copper levels. At the center of the CopY dimerization interaction lies a metal binding motif, -CxCxxxxCxC-, capable of binding Zn(II) or Cu(I). The binding of metal to this cysteine hook motif, one within each monomer, is critical to the dimerization interaction. The CopY dimer is also stabilized by hydrophobic interactions between the two monomers. The cysteine hook metal binding motif has been identified in numerous other uncharacterized proteins across the biological spectrum. The prevalence of the motif gives evidence to the biological relevance of this motif, both as a metal binding domain and as a dimerization motif.
Introduction
The study of protein interactions is of growing importance in proteomics, with applications ranging from the examination of individual protein complexes to characterizing networks of protein interactions. Dimerization, the simplest of protein-protein interactions, is critical to biosignalling pathways where extracellular messages stimulate intracellular regulatory events to occur. The stimuli originating from outside the cell either induce or inhibit the dimerization of protein complexes where the interaction acts as a regulatory switch. The monomer to dimer association may be regulated within the pathway or may be a part of the regulatory mechanism. The dimerization may be reversible as in the heterologous interaction between trypsin and its peptide trypsin inhibitor, or irreversible as in the interaction of an antibody binding to its antigen [1] . Dimerization interactions can occur through direct interactions between proteins or be mediated through conformational changes induced by cofactor binding. Ca 2+ binding, for instance, alters the conformation of cadherin to shift the monomer-dimer equilibrium towards dimer formation [2] .
Metals and metalloids are intimately involved in the regulation of genes and proteins involved in their uptake, utilization and detoxification. The regulation occurs during transcription, translation, and directly at the protein level. For instance, at the transcriptional level metals regulate the expression of import/export pumps, metallochaperones and the metallothioneins. Regulation through the sensing of the intracellular copper levels by regulatory proteins has been widely studied. The control mechanisms often feature copper responsive transcription factors or repressors; in these proteins the copper, in its cuprous form (Cu(I)), has structural and regulatory roles. Copper(I)-responsive transcription factors are used to sense changes in the intracellular metal concentrations and correspondingly up-or down-regulate the transcription of copper(I) acquisition, distribution, and sequestration genes. Eukaryotic Cu(I)-responsive transcription factors include AceI and MacI of the organism Saccharomyces cerevisiae. Ace1 activates the transcription of copper sequestration and detoxification genes under conditions of copper excess [3] [4] [5] , while Mac1 activates the Ctr1 and Ctr3 high-affinity copper uptake transporters under conditions of copper depletion [6, 7] . In a similar vein, copper(I) has been shown to regulate the CopY repressors in bacteria. CopY and its operon were initially described in Enterococcus hirae; complete sequencing of $500 bacterial genomes shows it to be found in about 40 related organisms and is phylogenetically related to the Bla/Mec repressor proteins (Fig. 1) . The CopY repressor regulates the cop operon that is the backbone of copper uptake, use and efflux pathways in many bacteria. Recent studies, as highlighted below, show that the system is dependent both on the zinc induced dimerization of CopY and on the changes copper(I) binding induces in the structure.
The intention of this review is two fold. First, it is hoped that it can serve as a guide to those investigating the roles that metal ions play in monomer-oligomer equilibria. We are not attempting to review all of the many varied processes used to study protein-protein association, but only selected techniques used within the investigator's laboratory to study a series of related native and synthetic fusions containing the -CxCxxxxCxC-metal binding motif (x = any amino acid). The motif serves, as described below, to hook the monomers together and has been named the cysteine hook motif. Sufficient detail is provided to illustrate each technique and how it is applied to the study of a homodimeric protein in a rapid equilibrium with its monomer components. For in depth description of the techniques the reader will be directed to specific monographs on the topic. The secondary goal of this review is to illuminate a new metal requiring dimerization motif first described in a bacterial regulatory protein, CopY. The motif's description is unique due to the pronounced effect that bound Zn(II) or Cu(I) has on the monomer-dimer equilibrium of proteins with which it is associated.
Regulation of the cop operon and CopY
One of the best understood copper homeostasis systems is that of the Gram-positive bacterium Enterococcus hirae [8] [9] [10] [11] [12] [13] [14] [15] . The control of copper concentration in this bacterium is regulated by the cop operon, which contains the four genes copY, copZ, copA, and copB. The copY gene encodes a protein that acts as a repressor of the cop operon.
The expression of all the genes on the cop operon is controlled by this repressor, which is sensitive to cellular levels of copper [16] . CopZ encodes a copper chaperone that carries copper throughout the cell and shields the cytoplasm from the toxic effects of the copper ion, while ensuring the copper is delivered to the correct target [16, 17] . The copA and copB genes encode two P-type copper ATPases that act as Cu(I) import and export pumps, respectively [18] . The four proteins encoded by the genes on the cop operon interact in specific ways to regulate levels of intracellular copper (Fig. 2) .
The metallated state of the Enterococcus hirae CopY metal binding site not only affects the DNA binding capability of the protein, but has also been shown to influence the dimerization [19] . CopY, a member of the Bla/ Mec repressor family, is the archetypical prokaryotic copper regulated repressor [20] . In the DNA binding state, CopY binds one Zn(II) ion in a -CxCxxxxCxC-motif. The binding site is located at the extreme C-terminus of the protein [19] . Zn(II)CopY binds to DNA as a homodimer across a 27-base pair inverted repeat, identified by DNase I footprinting experiments [21] . Subsequent site-directed mutagenesis studies indicate that two inverted repeat sequences, TACAnnTGTA, positioned 61 and 30 base pairs before the transcription start site of the cop operon, are crucial to the protein-DNA interaction [21, 22] . A very similar DNA motif serves as a binding site for BlaI (from Bacillus licheniformis) and MecI (from Staphylococcus aureus), structurally characterized [23] [24] [25] proteins from the b-lacatamase family. The N-terminus of CopY exhibits significant sequence similarity to the blactmase family [19, 21] as well as to the DNA binding region of the phage k cro repressor [26] . A diglutamine motif (QQ) of the cro repressor, also found in CopY, has been shown to specifically interact with the ACA sequence within the TACAnnTGTA DNA motif [26] . While it has been suggested that CopY may be binding to DNA in the same fashion [27] , the QQ residues are not at all conserved across bacterial homologs.
The structure of CopY
The C-terminal portion of CopY, containing the metal binding motif, also plays a role in DNA binding, although it most likely does not physically interact with the DNA. It is clear that the metals, 1 zinc(II) or 2 copper(I)s, are ligated in a conserved -CxCxxxxCxC-motif [16] . DNA binding depends on the type of metal bound to CopY, as demonstrated by electrophoretic band shift assays [16, 19] . To maintain DNA binding activity Zn(II) must be bound to the protein [21] . Within the Bla/Mec family of repressors the affinity for DNA is strongly linked to the formation of dimers [20] . Cu(I) ions displace the Zn(II) in the CopY metal binding site, prompting the protein to lose affinity for DNA [16] . The change in coordination potentially changes the protein conformation in order to affect the DNA binding state of the CopY protein. The 2Cu(I) protein stays in its dimeric form but is presumed to have an altered conformation. X-ray absorption analysis of the 2 Cu(I)CopY complex suggests that each Cu(I) ion is coordinated in a trigonal geometry with sulfur ligands. The X-ray absorption data verifies the cuprous oxidation state of the bound copper, and indicates a Cu-S bond length of 2.26 Å , which is typical of trigonally coordinated Cu(I). The data also give evidence of a Cu-Cu interaction at a distance of 2.69 Å , further supporting the notion that 2Cu(I) ions are bound by the -CxCxxxxCxC-metal binding site. A compact Cu(I) 2 S 4 core appears to form upon Cu(I) coordination by CopY, and two of the four sulfur ligands pro- Fig. 1 . CXCX (4) (5) (6) CXC motif in CopY homologs. Phylogenetic tree of amino acid sequences similar to E. hirae CopY, obtained by BLASTing (cutoff evalue of 0.00001) CopY to 496 complete bacterial genome sequences. Peptides containing all four cysteines in the -CXCX (4-6) CXC-motif are followed by a closed circle; those with three cysteines are followed by a closed triangle; while those with two cysteines are indicated by an open triangle. True CopY homologs appear to be restricted to the Lactobacillales, and are related to a larger group of transcriptional repressors of b-lactamases.
vided by the cysteine residues are shared between the two bound Cu(I) [28] .
The general purpose of these investigations into CopY and related proteins described below is to fully characterize the structure and function of the -CxCxxxxCxC-dimerization motif. Recent studies have shown that the C-terminal sequence is sufficient to induce dimerization of normally monomeric proteins (K.O. Pazehoski, unpublished data). In addition to the -CxCxxxxCxC-motif at the extreme C-terminus, which has been shown to bind metals and is important to the regulation of the cop operon [19, 29, 30] , adjacent to the cysteine motif on the N-terminal side is a non-leucine zipper aliphatic repeat. We have hypothesized that both the metal binding sequence and the aliphatic repeat contribute to the formation of dimers. The dimerization data below illustrates the pathway used to initiate the characterization of metal induced dimerization. The data supports the hypothesis that both the aliphatic repeat and the metal binding motif are important to the dimerization process.
The determination of the roles of both the aliphatic repeat sequence and the cysteine-rich metal binding motif in CopY dimerization would be greatly facilitated if the three-dimensional structure of the C-terminal region was known. Earlier attempts at investigating the metal binding domain structure by NMR were initiated through the preparation of a truncated version of CopY. The shortened protein included the 38 amino acids at the C-terminus of CopY, and was termed ''Ymbs" (CopY metal binding site). An accurate NMR solution structure was unable to be obtained due to a flexible, unstructured region encompassed by the amino acids before the metal binding domain. Solubility issues at high protein concentrations were also a concern, as is the case with the full CopY protein. Secondary structure prediction, performed through the PSI-PRED protein structure prediction server [31, 32] , suggests that these N-terminal residues of Ymbs may form an a-helical structure. To make NMR studies on Ymbs more feasible, the truncate was fused to another protein and classified as a ''solubility enhancement tag" (SET) for further studies. The immunoglobulin binding domain B1 of the streptococcal protein G (abbreviated as GB1) was chosen as the SET because of its high stability, solubility, known monomeric structure, lack of cysteine residues and its small size (56 amino acids) (Fig. 3) . GB1 has been [65] . CopZ then delivers Cu(I) to the repressor protein, CopY [16] . Cu(I) replaces Zn(II) in the metal binding site of CopY, and the repressor protein releases from the promoter DNA of the cop operon. The copY, copZ, copA and copB genes of the operon are then transcribed. Excess Cu(I) can be exported by the CopB ATPase [66] . The fates of the displaced Zn(II) and the CopZ chaperone after it has delivered its Cu(I) are unknown. Fig. 3 . Construction of the GB1-Ymbs38 fusion protein. The known three-dimensional structure of GB1 is shown (PDB# 2GB1). Although the structure of the CopY fragment, Ymbs38, has not been solved, a combination of secondary structure prediction [67] and preliminary NMR results allow for a hypothesized structure to be prepared. The amino acid sequence is shown under the corresponding structural components. Hydrophobic amino acids that are postulated to participate in dimerization are shown in bold italic letters. The cysteines that are responsible for metal coordination are underlined (highlighted in ball and stick form in the proposed structure). used in several instances as a SET to aid in NMR studies of proteins that are usually very difficult to solubilize at the high concentrations required by NMR. GB1 is particularly suitable for both dimerization studies and structural analysis of Ymbs because of its known monomeric formation, its inability to bind metal ions, and its extensive structural characterization by NMR methods [33] [34] [35] [36] [37] [38] .
Qualitative identification and characterization of dimers
Virtually all dimer and higher order protein multimers can dissociate into their monomeric constituents. The association constant and other factors determine how easily the monomer-dimer relationship can be visualized. In many cases the protein complexes appear to be essentially stable over the time scale of the experiment and can be easily isolated in their polymeric form. Less recognized are those monomeric-dimeric (or polymeric) proteins that are in a rapid equilibrium. At the typical concentrations and time frames that these proteins are observed, it may not be clear that multiple species are present in the solution. The behavior of many proteins falls into this category. If it is suspected that the protein or proteins being studied can form dimers or multimers, how can it be demonstrated? Once identified, what can be done to determine which domains and residues are involved in the interaction? How can the physical properties, association constants and rate constants that control the interaction be determined? The following sections, Qualitative Techniques and Quantitative Techniques, illustrate a route taken in the investigation of one metal binding homodimeric regulatory protein.
Experimental methods and results

Qualitative techniques
Both qualitative and quantitative methods are useful in the study of dimerizing and oligomerizing systems. Qualitative investigations often lend themselves to the development of screening methods that enable the protein domains involved and specific residues to be identified. The qualitative methods described below are based on size exclusion (gel filtration) chromatography, mass spectrometry and affinity interactions. The last method lends itself to the development of simple screening methods.
Size exclusion
Size exclusion (gel filtration) methods can be used to gather evidence for monomer-dimer-polymeric behavior of isolated proteins. Classically, gel filtration is used as a convenient way to estimate the apparent molecular weight of a protein. The volume through which the protein is sieved is more appropriately related to the hydrodynamic radius of the protein, which depends on a number of factors including the density, shape, and the molecular weight. It is not uncommon for the calculated molecular weight of a protein to differ significantly from the apparent size (molecular weight) as estimated from gel filtration. While the discrepancy may suggest that a dimer or multimer is present, in many cases the estimated weight lies between that of a monomer and a dimer. Very often the apparent size is rationalized by suggesting the protein has adopted an elongated conformation that would migrate with a higher apparent size due to the shape of the molecule. A less investigated but very real possibility is that the protein's observed size is the result of the rapid equilibrium between the monomer and dimer. If a rapid equilibrium is responsible for the apparent size then changing the concentration of protein applied to the gel filtration column may change its apparent size. Discrepancies in the published molecular weight of CopY and concentration dependent differences in apparent size during the course of its purification suggested that the observed size was actually the averaged position of the monomer and dimer in rapid equilibrium. Fig. 4 highlights the changes in apparent size of the fusion-protein GB1-Ymbs38 when fixed volumes of increasing concentration were resolved on a Shodex KW803 equilibrated in 50 mM Tris, pH 7.8, 150 mM NaCl, 0.05% b-ME, at a flow rate of 1 mL/min. A shift towards later elution times is evident upon decrease of concentration of GB1-Ymbs38. A similar analysis conducted on standard monomeric proteins shows no change in apparent size.
Electrospray ionization mass spectroscopy
Electrospray ionization mass spectrometry (ESI-MS) has been employed relatively recently as a method to identify oligomerization of proteins in solution. In 1993, the method was used to detect non-covalently associated leucine zipper dimers [39] . Since then, ESI-MS has been used to detect a multitude of other protein dimers [40] [41] [42] , including the oxygenase domain of nitric oxide synthase [43] . Although the ionization process involves the transfer of a protein from an aqueous to a gaseous phase, some dimeric species are able to survive the process [44] [45] [46] . Because the near absence of solvent upon transfer to the gas phase weakens hydrophobic interactions, ESI-MS is not a suitable method to determine the stability or the specific binding energy of protein dimers [47] . Regardless, the method is very useful for the straightforward identification of homodimeric and higher order protein complexes.
The ability of non-covalent protein complexes to survive the ionization process is aided by using conditions of low temperature and low electrospray voltage [39, [41] [42] [43] [44] 47, 48] . Also important to the process is the difference between the cone and extractor voltages, referred to as the declustering voltage, DCS. The GB1-Ymbs38 protein was subjected to ESI-MS with a cone voltage of 20 V and an extractor voltage of 10 V (DCS = 10 V). A voltage of 2 kV at the tip of the inlet capillary was used to generate the electrospray. The temperature at the ion spray interface was kept at 40°C, while protein samples (approximately 250 lM) were delivered at a rate of 50 lL/min in 10 mM ammonium acetate, pH 8.0. The resulting spectra demonstrate that the formation of non-covalently linked dimers is dependent on the presence of the metal loaded Ymbs38 portion (Fig. 5A ). GB1 alone (Fig. 5B) lacks evidence of dimerization. The presence of dimers is indicated by the appearance of weaker signals, all of which possess odd charges.
Affinity resin binding assay
Affinity purification of proteins is facilitated by the fusion of six histidine residues (termed ''6 Â histidine tag") to one terminus of the protein through molecular biology techniques. In the case of GB1-Ymbs38, the 6 Â histidine tag is attached to the N-terminus. The histidine residues coordinate very strongly to the Ni 2+ ions that are immobilized on an affinity resin. Other proteins in the mixture applied onto the resin pass through without interacting with the affinity resin. The retained 6 Â histidine tagged protein can be eluted by the introduction of a high concentration of imidazole after sufficient washing to remove all of the non-interacting contaminating proteins. Protein-protein interactions can be detected with this technique by mixing the 6 Â histidine tagged protein with an untagged version of the same protein. If the untagged protein specifically interacts with the 6 Â histidine tagged protein, it will be retained on the affinity resin, and subsequently co-elute with the 6 Â histidine tagged protein upon application of imidazole [49] . Co-elution is typically revealed by subjecting the eluant to SDS-PAGE (Fig. 6A-C) . The assay has been successfully used to detect homodimerization in the eukaryotic TATA binding protein (TBP) involved in transcription of nuclear-encoded genes [50, 51] , among others [41] . Detection of association between unlike proteins has also been demonstrated [52] . An untagged GB1-Ymbs38 containing Zn(II) is retained on the affinity resin when mixed with a 6 Â histidine tagged Zn(II) GB1-Ymbs38, providing another piece of evidence pointing toward the presence of dimers (Fig. 6D, lane  3) . The Ymbs38 portion must be present for dimerization to occur, as the untagged GB1-Ymbs38 is not retained on the affinity resin when mixed with a 6 Â histidine tagged GB1 (Fig. 6D, lane 10) . It should be noted that the untagged protein was prepared by thrombin digestion of the tagged protein. Due to a second thrombin cleavage site present in the native sequence of GB1, the untagged protein appears as a double band on the electrophoresis gel.
Quantitative techniques
Frontal zone size exclusion chromatography, a technique developed in the early 1960s [53] , is an approachable method of determining association constants for proteins in which the monomer and dimer are in rapid equilibrium. Analytical ultracentrifugation, frontal zone chromatography, and isothermal titration calorimetry (ITC) methods, when exercised fully, have the ability to provide association constants, free energies and other useful physical parameters. The apparent size being monitored by frontal zone chromatography, ultracentrifugation, dynamic light scattering methods can be readily observed. In an ITC . The elution volume of the protein standards remains constant as loading concentration is decreased. A shift towards later elution times is evident upon decrease of concentration of GB1-Ymbs38. All samples were run on the Shodex KW803 equilibrated in 50 mM Tris, pH 7.8, 150 mM NaCl, 0.05% b-ME, at a flow rate of 1 mL/ min. experiment, the data can sometimes be described by more than one model system and therefore requires that the experimenter have a clearer understanding of the phenomenon being measured. On the other hand, the ITC is an extremely powerful method that enables a number of physical parameters to be determined in a single experiment. Analytical centrifugation, isothermal titration calorimetry and dynamic light scattering are typically not readily available and the equipment is expensive. By contrast frontal zone methods are considerably more accessible and less expensive. They are, however, only useful for those proteins which have a rapid equilibrium between their monomeric and dimeric forms. Frontal zone methods only require appropriate size exclusion media, a pump and a suitable detector for analysis, but do suffer from the need for relatively large amounts of soluble protein.
Frontal zone chromatography
Analysis of association-dissociation equilibria in frontal zone gel filtration chromatography involves application of a sufficiently large volume of a protein solution to a gel filtration column to ensure that a plateau region is attained in the elution profile [53] . Self-associating proteins that are in rapid equilibrium between monomer and dimer forms exhibit elution profiles with defining characteristics, the most recognizable of which is non-symmetrical advancing and trailing edges. A very sharp advancing edge occurs as higher concentrated protein, making up the section of the advancing boundary immediately before the plateau region, overtakes the less concentrated protein at the very front edge of the sample that enters the column resin. Higher concentrated protein has a proportionally larger amount of dimeric species, and thus will travel faster through the column resin than the less concentrated section at the leading edge. The same occurrence causes a long trailing edge after the plateau region, as the less concentrated and therefore more prominently monomeric protein migrates slowly. In addition to the unsymmetrical elution profile, self-associating proteins exhibit progressively later elution volumes as the concentration of loaded protein is decreased. The later elution volume can be attributed to a higher fraction of monomeric species in the diluted protein solution as a result of mass action [54] . Monomer-dimer equilibrium constants can be obtained from the analysis of elution volume data from a series of frontal zone chromatography trials [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] .
Frontal zone analysis of GB1-Ymbs38
Of the four GB1-Ymbs38 variants prepared, only the protein in which both the metal-binding and the hydrophobic amino acids were removed showed loss of self-association by the frontal zone chromatography technique (Fig. 7) . The sample shifts in size by only a minimal amount as the protein concentration changes, and at the highest loading concentration, elutes at an apparent molecular weight of only 2 kDa higher than its calculated molecular weight of 12.8 kDa. For variants in which only one of the two contributing factors was removed, the binding of metal was shown to be the more critical factor in CopY dimerization. The mutation of the hydrophobic leucine and isoleucine residues to serines does not appear to affect the self-association when Zn(II) is bound (Fig. 7) . Despite this observation, the hydrophobic residues do indeed play a role in the CopY-CopY interaction, perhaps providing sta- bilization to the dimer. Zn(II)GB1-Ymbs38, Zn(II)GB1-Ymbs38 Leu/Ile-to-Ser mutant and apo-GB1-Ymbs38 retain the ability to dimerize, evidenced by their measurable shifts in molecular weight as the protein concentration changes. Apo-GB1-Ymbs38 Leu/Ile-to-Ser mutant exists as a monomer at all protein concentrations tested, with a maximum apparent molecular weight of 14.8 kDa at the highest concentration.
Analysis of association constants
Quantitative data in the form of equilibrium constants can be obtained from the elution volume data gathered in frontal zone chromatography experiments [54, 55, 57, [61] [62] [63] [64] . The analysis requires the assignment of magnitudes for the elution volumes of monomer, V M , and of polymer (dimer), V P . The monomeric V M is assigned by extrapolation of the elution volumes measured for the mutated form of apo GB1-Ymbs38 to zero protein concentration. The dimeric V P is determined by plotting the results of the Zn(II)GB1-Ymbs38 according to the logarithmic transform of the law of mass action:
where f M is the fraction of monomer, C t is the base molar protein concentration, n is the reaction stoichiometry, and K a is the association constant. Understanding that the fraction of monomer can be calculated by the equation:
where V W is the observed elution volume of the sample, values of V P can be estimated, inserted into the above equation, and subsequently plotted according to Eq. (1). Attainment of the appropriate V P value is confirmed upon Eq. (1) appearing as a linear plot with the expected reaction stoichiometry (2 for the GB1-Ymbs38 dimer) as the slope of the line. The equilibrium association constant K a can then be determined by calculating the f M for each loaded protein sample according to Eq. (2), plotting f M as a function of protein concentration, then fitting the plotted data to the monomer-dimer model equation of:
where K a is the sole curve-fitting parameter (Fig. 8) . Table 1 displays typical values obtained for dissociation constants (K d = 1/K a ) of the GB1-Ymbs38 variants by this method.
Discussion and conclusions
Based on the qualitative and quantitative methods, both the cysteine hook motif (-CxCxxxxCxC-) and the adjacent aliphatic repeat (Fig. 3) portions of the C-terminal domain of CopY contribute to the dimerization, but which of these constitute the bulk of the specificity and stability is not clear and is still under investigation. Hypothetically, the cysteine hook motif is believed to constitute the bulk of the specificity and a large measure of the thermodynamic stability. The aliphatic repeat is believed to primarily contribute to the thermodynamic stability. To deconvolute the mechanism of the protein's dimerization, combinations of biophysical and molecular biology methods, qualitative and quantitative, are being applied to the native protein, mutants of the native protein, and fusion proteins containing portions of the CopY protein. The set of methods used to attack the cysteine hook motif described above illustrates one pathway towards conducting these types of studies. These methods and other will be applied as the investigation continues. Ultimately, the intention is to fully understand the dimerization so that the motif, which appears in many other organisms and in a myriad of contexts, can be exploited to identify dimerizing/regulatory proteins and be used in biotechnology applications. Apo -GB1-Ymbs38 Ile/Leu mutant 71.4 (±2.0) Â 10
À5
a Dissociation constants are calculated from the reciprocal of the association constant, K a , which is directly derived from the non-linear least squares best fit of the fraction of monomer versus protein concentration data (Fig. 8) .
